A simultaneous model of house values, cancer mortality and total releases is simultaneously estimated to study effects of environmental health risks. Health risks include county level total releases, number of Superfund sites and cancer mortality in the Southeastern U.S. Benefits of superfund cleanup and reduced releases are also estimated.
Introduction
Environmental health risks have attracted much attention from the public in recent decades. Environmental risks arise from air, water and land pollution that come from automobiles, agricultural activities or from undesirable facilities such as hazardous waste sites and industries in the area or even in the region. In this paper, we attempt to measure the economic impact of environmental health risks originating from point sources such as waste sites and industrial facilities.
Concerns about environmental health risks may be reflected in lowered property values, which have a negative impact on individual economic welfare. The idea is that people are willing to pay more to reduce environmental risks. However, the compensating differentials are not directly observed in the marketed goods. One method that has been developed to estimate the risk-money tradeoff is the hedonic price model (HPM) using housing market data (Rosen, 1974) . The model assumes that housing is consists of a bundle of characteristics. Hedonic prices are defined as the implicit price of characteristics and can be estimated from observed house prices and specific quantities of characteristics embodied in the houses. The effect of environmental risks on property values can be measured by regressing house values on its characteristics including environmental health risks.
The purpose of this paper is to estimate the effect of environmental health risks on property values in the Southeastern United States. We include environmental disamenities such as Superfund sites and toxic chemical releases, as proxies for environmental health risks. We also include cancer mortality as a factor that can impact house values; however, cancer mortality may also be a function of demographic characteristics and environmental disamenities. Furthermore, toxic chemical releases may be explained by county characteristics; we hypothesize that firms that pollute may be located in areas where poor or minorities live. Thus, we employ a simultaneous Full Information Maximum Likelihood modeling approach to jointly estimate housing prices, cancer mortality, and total chemical releases using county level dataset from the southeast United States to perform the analysis.
Literature review
There has been an intensive literature that uses HPM to investigate the effect of environmental goods represented by distance from toxic sites on property values. Michaels et al (1990) used the hedonic model to investigate the impact of hazardous waste sites on house prices in suburban Boston and found that property values increased with distance from the house to the nearest hazardous waste site. studied the impact of toxic sites in Houston on property values before and after the sites were listed in Superfund National Priorities List (NPL) and reported that toxic sites had significant impact on house prices after being listed as NPL sites, and distance from the house to nearest site had positive relationship up to 6.2 miles. Nelson et al. (1992) examined the effect of landfills in Minnesota on house sales. They concluded that landfills had a negative impact on house values for homes within two miles and value of a house located on the landfill boundary could decrease by more than 12 per cent. Kiel and McClain (1995) used data for sales in Massachusetts to examine the impact of an incinerator on sale prices and found that the impact of the incinerator was significant during the construction and ongoing operation stages. Hite et al. (2001) A number of studies have focused on the effect of environmental health risk beliefs on property values. McClelland et al (1990) estimated the effect of health risk beliefs on property values in Los Angeles area. They found that health risk beliefs had a substantial negative correlation with property values and risk beliefs decrease when moving from hazardous waste sites. Gayer et al. (2000) examined the effect of cancer risk from Superfund sites on house prices before and after the EPA released its assessment of site risks. They found that residents' willingness to pay to reduce risks decreased after the assessment was released. McCluskey et al (2001) studied the impact of perceived risks on property value, where perceived risk was assumed to be a function of lagged perceived risk and media coverage of the hazardous waste sites in Dallas County, Texas.
The authors found that perceived risk had a negative relationship with house prices and media coverage increased perceived risk.
Environmental health risks
Sources of air, water, and land pollution are categorized into two groups: point and nonpoint. Point sources consist of stationary facilities or processes that generate a significant amount of air pollution from their activities. Point sources include major industrial facilities like chemical plants, power plants, steel mills, oil refineries, and hazardous waste incinerators. A nonpoint source is essentially any source of pollutant that is not a point source. Nonpoint sources include emissions from automobiles or runoff from land-disturbing activities like agriculture, forestry, mining, and urban development. The focus of this paper is environmental risks imposed by point sources.
To help the public assess the environmental risks associated with exposure to toxic chemicals in their areas, government has provided information by launching a pro- In addition to these direct indicators, cancer mortality and cancer incidence are other indirect indicators of health risks. People can measure health risks by examining cancer statistics in their areas since cancer mortality is observable and information is readily available.
Theoretical framework
We use the hedonic price model to investigate county cross-sectional relationships between house values and environmental health risks. House value in each county re-flects the value people place on a bundle of characteristics associated with housing unit.
The hedonic housing price is a function of house characteristics, neighborhood characteristics, school characteristics, county characteristics, and environmental characteristics as
where P is house price, H is a vector of the house characteristics, N is a vector of the neighborhood characteristics, C is a vector of the county characteristics, E is a vector of the environmental disamenities and environmental risks.
We hypothesis that there are endogenities in housing values, cancer mortality and chemical releases. We expect house values to be negatively affected by chemical releases and cancer risks, and positively related to desirable characteristics. There is a possibility that releases are endogenous because toxic sites could be located in areas where poor people live.
Empirical model
People exposed to local environmental risks arising from Superfund sites and toxic chemical releases from the industrial facilities suffer potential health impacts. We use several variables to measure environmental health risks. Total releases including air release, water release, and land release to represent health effects imposed on people.
The health effects may be cancer or noncancer.
Individuals may be exposed to environmental health risks arising from hazardous waste sites. Another variable to represent health risks is number of Superfund sites on National Priority List within a county.
If individuals assess the environmental health risk by a statistically actual number, cancer mortality or cancer incidence could be potential candidates for environmental health risk proxies. Housing values may therefore reflect the valuation of people on the level of health effects of hazardous substances, allowing us to include cancer cases as an explanatory in the hedonic housing equation. County level cancer mortality data is the only publically available data, which we use in the analysis.
A number of previous studies has used house sale price as dependent variable in hedonic price model . This paper uses median value of owner-occupied units for each county as the dependent variable since house sale prices are not available in census data that we use. Median value of units has been used by some authors to estimate the impact of environmental goods on housing (Nelson, 1978 , Schulze and King, 2001 . An advantage of owners' valuation of their house is that it provides values for houses whether or not they sell; therefore it eliminates the likelihood of sample selection bias (Kiel and Zabel, 1997) . Kiel and Zabel (1997) tested the accuracy of owner-estimated values and concluded that hedonic equations based on owners' valuation would provide unbiased estimates of the changes in house prices.
The semi-log specification of the hedonic price model with an additive error is used in this paper. House value is a function of environmental health risks including total release and number of Superfund sites, cancer mortality, and other explanatory variables.
Environmental risks and other variables are also explanatory variables for cancer mortality. Another equation in the system is total toxic release as a function of county characteristics. The system is solved simultaneously by using Full Information Maximum Likelihood (FIML).
The system of equations estimated is written as
where V is a county's median owner-occupied housing unit; DU and DS are dummy Based on the assumption that people are provided with adequate information, it is expected that differences in level of environmental risks across counties will be captured in house value differentials.
Data
The data for this paper are at county level and combined from several sources. Total releases are assumed to be positively affected by the number of NPL sites.
Another assumption is that total releases have a negative relationship with household income (INCOME) and a positive relationship with poverty rate (POVERTY). This means that total release increases in poor areas. Table 2 presents the house value, cancer mortality, and total release regression results for the FIML equations. The results are corrected for heteroscedasticity. All environmental health risk variables of interest are of expected signs, except for NPL. The TOTREL and CANCER coefficients are statistically significant at 1% level, that of HIGHREL is significant at 5% level while that of NPL is not statistically significant. Increases in total releases and cancer the death rate would result in lowered property values. 
Empirical results

Value of statistical life
An important implication of model is to calculate value of statistical life based on the correlation between house values and cancer mortality. The assumption here is that there is a tradeoff between risk and dollars in property values. The negative coefficient of CANCER in table 2 means that people are willing to pay a higher price for houses located in areas with lower cancer mortality rates. The marginal willingness to pay for decreased cancer risk is calculated from the CANCER variable coefficient in table 2.
where i indicates county. reviews labor market studies and reports a range for value of statistical life from $3 million to $7 million in 1990 dollars. Atkinson and Halvorsen (1990) calculate the value of statistical life at $3.4 million 1986 dollars using the hedonic price model for automobiles.
Welfare estimate
In this section we conduct a rudimentary benefit cost analysis to estimate the welfare effects of cleaning up Superfund sites and reducing industrial point source releases.
The assumption is that all Superfund sites are completely cleaned up and total toxic releases are decreased by half. The benefits and costs associated our assumptions are calculated to obtain net benefits. This represents the welfare gain from reducting environmental health risks.
Predicted house values and cancer mortality rates are calculated by simultaneously solving the system of Eq.
(1)-(3). The paper applies the Quasi-Newton method to obtain house value and cancer mortality prediction. The simulations are reported in Table 3 . If all Superfund sites are eliminated and total release is reduced by half, the median house value rises by $124.37 and per county cancer death rates drop by 0.124. Total costs for reduction of releases is not readily available. However, EPA annually spends about $7.8 billion in monitoring and regulatory costs for all US facilities.
For the sake of expediency, we will assume that costs will increase incrementally for the Southeastern U.S. by about $1 billion per year to reduce releases, adding a NPV of about $33.3 billion to the total for NPL sites above, for a grand total of about $37 billion.
The net benefit of environmental health risk reduction is the difference in benefits and costs. In this case the difference between $17 billion in benefits is outweighed by the $37 billion in costs. However, our benefit estimate underestimates the true benefit significantly, as it includes only owner occupied housing and cancer mortality. Arguably, costs of treating cancer, as well as the other chronic illnesses related to toxic releases, such as respiratory diseases and birth defects will incur an even greater cost to society, and reductions in these conditions associated with reduced releases should result in an actual net benefit.
Conclusions
In this paper, we investigate the effects of environmental health risks on house value in the Southeast at the county level. A unique data set consisting of 754 counties in Southeast region is used for the analysis. Several variables represent for environmental health risks including total chemical releases, number of Supperfund sites, and cancer mortality. We assume that there are endogenities in the model. A system of equations is set up to capture indirect impacts of variables and FIML is used to estimate the system.
We go on to simulate cleanup of sites using a quasi-Newton method to solve the system.
Our findings are that house value responsed negatively to total release and cancer mortality. A reduction of total release of 1 pound per person leads to an estimated increase of $3.15 in house value and a decrease of cancer mortality by 1 death over 1 thousand persons leads to an increase of $238.80 in housing value.
